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Abstract 
INTRASPECIFIC AND INTERSPECIFIC AGONISTIC BEHAVIOR IN 
CHIPMUNKS, TAMIAS MERRIAM!, T. OBSCURUS, AND T. SPECIOSUS 
(RODENTIA: SCIURIDAE) 
by 
Ronald C. Vandervort 
Agonistic behavior in three species of chipmunks, Tamias merriami, T. 
obscurus, and I:. speciosus, was compared at seven locations in the San 
Bernardino and San Jacinto Mountains of southern California. The study was 
conducted during the post-breeding periods in the summers of 1983 and 1984. 
Chipmunks were attracted to feeding stations ba.ited with sunflower seeds. 
Their aggressive interactions were classed as displacement, short chase, long 
chase, or fight. Over 500 encounters were recorded. 
Short chase was the most frequent agonistic mode, followed by 
displacement, with fewer long chases, and rare fights. Observations were made 
both at areas where I:. merriami or I:. obscurus was the exclusive species, and 
at areas where two or all three species were present. T. merriami showed the 
most intra- and interspecific aggression, followed by T. obscurus, then T. 
speciosus. Dominance hierarchies were determined at three sites. There were 
some dominance reversals in both T. merriami and T. obscurus. No correlation 
was found between dominance and size, sex, or species. It was felt that the 
unique distribution of these chipmunks is not due merely to habitat preference, 
because of the overlap of habitats where T. merriami and T. obscurus lived 
isolated from other species of chipmunks; but rather that aggressive 
interactions, selected for by both species to protect scarce food supplies, 
serve to maintain existing isolated distributions. 
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INTRODUCTION 
Agonism, or aggressive behavior, is a competitive technique used by 
many animals (Wilson, 1975). It may play an important part in determining 
species distr:ibution, and consequently is of interest to students of animal 
behavior and ecology. Competition for space (aggressive interference) may 
supplant competition for an ultimate resource, such as food, in intraspecific 
and interspecific relationships (Miller, 1967). Most natural cases of competitive 
exclusion have already gone to completion (DeBach, 1966), meaning that the 
species separations we see today are either the result of basic differences in 
habitat requirements by the different species, or of ·a competitive relationship 
that developed when the species first invaded a given area. Thus interspecific 
agonism may be maintaining some of the species segregations that are evident 
today. 
Chipmunks are useful organisms for studying competition and behavior, 
as they are diurnal and they have interesting distributions. Thirteen species of 
chipmunks (Tamias) occur in California (Sharples, 1983). Several species are 
geographically sympatric but altitudinally parapatric (Johnson, 1943). 
Interspecific aggression between contiguous species may be important in 
confining each to its respective habitat (Heller, 1971 and Sheppard, 1971). 
Heller (1971) and Sheppard (1971 ), and also Kelln and Brand (unpublished) 
in a recent study at Loma Linda University, Loma Linda, California, tested the 
aggressive dominance of several species of western chipmunks in laboratory 
observation rooms. Such a method isolates agonism from other variables present 
in the field, but the question arises whether the interactions in the laboratory 
occur in the same context as in the field. Meredith (1977) attempted to 
l 
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improve the experimental design by comparing two species in a larger, more 
structurally complex arena. However, the validity of results obtained in the 
laboratory must eventually be tested in the field. The ideal sequence of 
experimentation would be to progress from the laboratory to the field, 
increasing the number of environmental factors impinging on the animals at 
each step. Brand (1970) and Brown (1971) tested their animals in the field at 
artificial feeding stations to attract sufficient numbers of animals for 
observation. 
Tamias merriami and ~ obscurus exist parapatrically in the mountains of 
southern California. For the most part, populations of the two species are 
completely separate, but there is some overlap at the border of each 
population (Blankenship, 1985). This narrow zone of sympatry for the two 
species in the San Jacinto Mountains is at the 1800 meter level. Individuals of 
T. obscurus range from 1800 to 2400 meters, while T. merriami range from 
1800 down to 1200 meters. The question is, why would these two species, 
which would seem to require a similar niche in the ecosystem, be separated 
this way? One hypothesis is that if one species is dominant over the other, the 
dominant species may be excluding the subordinate species from the preferred 
habitat, a process of competitive exclusion. The alternate hypothesis is that 
the two species have different habitat preferences, with vegetation, moisture, 
soil type, or other factors controlling the segregation of the two species. 
However, in the nearby San Bernardino Mountains these species exist 
parapatrically, but in reverse order with respect to altitude (T. merriami exists 
toward the central portions or peaks of the mountains; ~ obscurus at the 
edges of the mountains), so altitude preference does not seem to be the cause 
of this separation, or at least it is not consistent at different locations. 
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Brown (1971) studied two species, T. dorsalis and T. umbrinus, in the 
Great Central Basin. They excluded each other from certain elevations on 
isolated mountain ranges, and occurred together in only a very narrow strip of 
intermediate habitat. The two species were similar in size and general body 
proportions. Brown suggested that the resource for which the chipmunks were 
competing was food. The animals dig their own burrows and suitable sites are 
so numerous that shelter cannot be the limiting resource, but both species 
engage in contests to obtain local concentrations of food. Individuals of T. 
0 dorsalis engaged in more intraspecific and interspecific interactions than those 
of T. umbrinus. This aggressive nature was apparently an adaptation of T. 
dorsalis to a sparsely vegetated habitat, where selection favors chipmunks that 
are able to defend the scarce, widely distributed food source against 
competitors. On the other hand, the more arboreal T. umbrinus was found to be 
more tolerant of other chipmunks because of reduced selection for defense of 
a large area, and perhaps greater selection for a loose social association where 
additional animals nearby would detect and give warning of concealed 
predators. Brown concluded that competitive success was determined by 
habitat; that differences in aggressive behavior between the two species 
represented adaptations to the density of cover and food resources in their 
habitats. The main mechanisms of competitive interaction between the two 
chipmunks were interspecific aggression and the ability of the subordinate 
species to utilize features of the habitat to escape from the dominant species. 
Heller (1971), Sheppard (1971), and Meredith (1977) separately studied 
two groups of chipmunks, each including one forest species and one alpine 
species, but found different relationships. Heller found that his alpine species 
was aggressively dominant over its forest neighbor, but both Sheppard and 
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Meredith found their alpine species to be subordinate to the forest species. 
Meredith studied the alpine T. minimus oreocetes and the forest T. amoenus 
luteiventris in southern Alberta, Canada. He introduced pairs of animals to his 
large arena and observed only two at a time. He found T. amoenus generally to 
be dominant over T. minimus. However, prior introduction of the test animal 
could reverse this dominance. Both prior residence and habitat structure 
affected the dominance relationship. Familiarity with a home area decided the 
outcome of an encounter with an outside opponent. Meredith concluded that 
agonistic relationships determined the habitats occupied by T. minimus. 
In Sheppard's (1971) study, the smaller chipmunk, T. minimus, was found 
to be inferior in dominance to T. amoenus and was restricted to an alpine 
habitat. But at the same time, the smaller size of minimus made it better 
adapted to the lower primary productivity of the alpine community. From this 
reasoning, Sheppard concluded that both agonism and adaptation determined 
the distribution of his chipmunks. 
Aniskowicz and Vaillancourt (1979), Dunford (1970), Wolfe (1966), and 
Brenner, et al (1978) studied intraspecific agonistic behavior in the eastern 
chipmunk, T. striatus. Aniskowicz and Vaillancourt (1979) state that " ••• social 
interactions among chipmunks can be termed friendly only during courtship and 
mating... During the remainder of the active part of their annual cycle, 
chipmunks are agonistic towards each other, or at best a sort of purposeful 
ignorance is shown." Dunford (1970) found that aggressive behavior contributes 
to the spatial organization of eastern chipmunks. Wolfe (1966) and Brenner, et 
al (1978) described a clear dominance order that was correlated with size 
rather than sex. Wolfe also reported that mortality due to fighting occurred 
several times, so that there was a high degree of aggression in his 
5 
animals, although they were kept in outdoor cages which may have increased 
v 
their aggressiveness. 
Chappell (1978) found that three species of western chipmunks, T. 
minimus, T. amoenus, and T. speciosus, are all highly aggressive both 
interspecifically and intraspecifically, and that a clear dominance hierarchy 
exists, with I.:. speciosus dominating the other two. The three species are 
altitudinally zoned on the Sierra Nevada Mountains. Chappell's results indicate 
that aggression plays a more direct role in establishing chipmunk distribution 
than suggested by States (1976). Chappell concluded that a combination of 
behavioral and physiological factors produce the contiguously allopatric 
distribution of these chipmunks. 
In my field study, ~gressi ve behavior in three species of chipmunks, T. 
merriami, T. obscurus, and T. speciosus, was observed. Agonism in two of these 
species, T. merriami and T. obscurus, has been studied previously in the 
laboratory (Kelln and Brand, unpublished), but not in the field. Kelln and Brand 
found T. merriami to be social and non-aggressive to others of the same 
species but highly aggressive toward T. obscurus, whereas T. obscurus was 
moderately aggressive to other T. obscurus but non-aggressive toward I.:. 
merriami. Field observations are needed to see if the same relationships exist 
there. So, the purposes of this study are to fulfill the need for observing 
aggressive behavior in natural conditions, and to test the hypothesis that T. 
merriami are actively excluding I.:. obscurus from areas occupied by I.:. 
merriami. The results can be used to determine what is a normal amount of 
aggression within each species in nature, for comparison with the laboratory 
studies. The data can also suggest whether there are interspecific agonistic 
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relationships in the zones of sympatry which might suggest the possibility of 
aggressive competitive exclusion of one species. 
METHODS 
Description and Location of Study Areas 
Observations were made at two sites in the San Jacinto Mountains and 
at five sites in the San Bernardino Mountains. 
Site A: 
Black Mountain, in the Srin Jacinto Mountains, Riverside County, 
California. The observation area was near Township Road 4501, 2.4 km south 
Black Mountain Lookout, at approximately 1560 meters elevation. Dominant 
vegetation consisted of Sugar Pine (Pin us lambertiana), Jeffrey P:ine (P. 
jeffreyi), Ponderosa p;ne (~ ponderosa), Douglas Fir (Pseudotsuga menzeisii), 
Incense Cedar (Libocedrus decurrens), abundant Live Oak (Quercus agrifolia), 
Black Oak (Q. kelloggii), and Manzanita shrub (Arctostaphylos patula). 
Vegetation was fairly dense, and a carpet of dead Live Oak leaves covered a 
substantial part of the area. Few rocks were present. The chipmunk species 
present was T. merriami. 
Site B: 
Black Mountain, beside Township Road 4501, 1.6 km northeast of Black 
Mountain Lookout, elevation 2232 meters. The vegetation was less dense than 
at Site A, and numerous large rocks were present. Trees present were Sugar 
Pine, Jeffrey Pine, Ponderosa Pine, Douglas Fir, Incense Cedar, and a few Live 




San Bernardino Mountains, San Bernardino County, California; 2.7 km 
northeast of Onyx Peak, near California Highway 38, ~t 2442 meters elevation. 
Located in the Transition Zone, with Jeffrey P'ne, White Fir (Abies concolor), 
a few Incense Cedar, Mountain Mahogany (Cercocarpus ledifolius), and 
Manzanita present. The area was fairly open, on a gentle slope, and had 
abundant fallen logs and rocks. Chipmunks present were I: merriami and T. 
obscurus. 
Site D: 
San Bernardino Mountains, l.O km northwest uf Big Bear Lake Dam, near 
California Highway 18, at 2040 meters elevation. This area was on the border 
between Upper Sonoran and Transition Forests. Live Oak was the most 
abundant tree, producing a dense canopy over much of the area. Coulter P'ne 
(P. coulteri), Sugar Pine, Incense Cedar, White Fir, and a few Manzanita were 
also present. This site was very steep, with few fallen logs, but abundant 
rocks. Chipmunk species present was T. merriami. 
Site E: 
San Bernardino Mountains, 1.6 km southeast of Heart Bar Campground, 
near Township Road lN05, at 2124 meters elevation. Vegetation included Deer 
Brush (Ceanothus integerrimus), Jeffrey Pine, and White Fir. There were a lot 
of large rocks, ;:i.nd the feeding station was in a rocky wash. Chipmunks present 
were T. merriami, T. obscurus, and T. speciosus. 
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Site F: 
Lower slopes of the San Bernardino Mountains, near Cactus Flats, 3.2 
km north of Baldwin Lake, along California Highway 18. The observation site 
was in a rocky wash at the base of a hill, with Pinon Pine (P. edulis) and Live 
Oak in a predominantly chaparral habitat of Manzanita, Joshua Tree (Yucca 
brevifolia), Sagebrush (Artemisia tridentata), and other shrubs. Chipmunk 
species present was T" obscurus. 
Site G: 
1.6 km northwest of Green Valley Lake, near Township Road 3Nl6, in 
the San Bernardino Mountains, at approximately 1920 meters elevation. This 
study site was more open than the other sites and had a lot of open ground 
interspersed with Deer Brush. Trees were mostly Ponderosa Pine with a few 
Incense Cedar. Chipmunk species present was T. merriami. 
Observation Methods 
Feeding stations were established by scattering liberal amounts of 
sunflower seeds to attract chipmunks to the sites and encourage them to stay 
long enough to increase the likelihood of observing behavioral interactions. The 
best observation times were in the early morning and late afternoon, and 
observations were adjusted to that schedule. Observations were made at a 
distance of 15 meters or less. 
Agonistic interactions were divided into four categories: Displacement 
(D), where one animal surrenders its position to another; Short Chase (SC), of 
less than two meters; Long Chase (LC), of a few meters to twenty meters or 
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more; and Fight (F), where there is physical contact and attack. 
The chipmunks at the feeding site were counted each 15 minutes during 
observation. This gave an index of the abundance of chipmunks at the site, and 
served as a basis of comparison to determine the frequency of agonistic 
encounters. Dividing the number of encounters per hour (frequency) by the 
average number of chipmunks present gave the number of encounters per 
chipmunk per hour, which was termed the index of aggression. 
Twelve days were spent in observation at Sites A and B in the San 
Jacinto Mountains, in July 1983. The five feeding stations (Sites C - G) in the 
San Bernardino Mountains were established during the summer of 1984. Areas 
were selected to include different combinations of the three species. A total 
of 19 days were spent at the five sites. 
In order to ascertain if intraspecific and/or interspecific dominance 
existed, it was necessary to identify individuals. At Sites C, D, E, and F, 
chipmunks were trapped, marked, and released. Traps were left open with bait 
for three days prior to actual trapping, to acclimate the chipmunks to the 
traps. Traps were covered with bark or placed in sheltered areas to protect 
from overexposure to sun and frequent rainstorms, and after the traps were set 
they were checked and reset every two or three hours. Etherized chipmunks 
were marked by clipping their guard hairs, revealing the almost black pelage 
next to the skin (Dunford, 1970). By using a pattern of marks on different 
positions on the body and tail, it was possible to mark up to 39 individuals by 
making one or two marks per animal (Figure 1). Toe clipping was also 
performed on most of the chipmunks for permanent identification. Subsequent 
observations of agonism between marked individuals included a record of which 
individual was the aggressor and which was the recipient of aggression. 
11 
Figure 1. Guard hair clipping patterns for visual identification of 




As identification of T. obscurus and T. merriami is difficult without 
comparing bacula or baubella, some of the marked chipmunks which came to 
the feeding areas were recaptured after the observation period and taken to 
the laboratory, where bacula and baubella were prepared as described by 
Friley (1947). Drawings and descriptions by Callahan (1977) were used for 
identification of the bacula and baubella of the two species. 
RESULTS 
Site A: 
The numbers and types of agonistic encounters are recorded in Figure 2. 
When T. merriami was aggressive at this site, it most commonly used short 
chases, with displacement as the next most frequent type of encounter. There 
were fewer long chases and no fights. 
Not many chipmunks were at the feeding site at any one time. The 
frequency of agonistic encounters shown in Figure 2 seems low (around one per 
hour), but it must be remembered that there were an average of only 0.7 T. 
merriami at the feeding site at any given time. The index of aggression for 
chipmunks at this site was 1.5. 
Chipmunks not only ate sunflower seeds at the site, but also made many 
foraging trips where they shelled the seeds, filled their cheek pouches, and ran 
away to cache their seeds, returning at about 15 minute intervals, with 
foraging sessions lasting as long as two hours. They were observed caching 
seeds at the feeding site itself. They stayed a maximum of one half hour at 
the site at a time. 
There were abundant Steller's jays. Chipmunks and jays usually seemed 
to tolerate each other. In the morning, incoming jays cast shadows that caused 
chipmunks to briefly exhibit fright. In one instance a jay which was feeding 
nearby pecked the chipmunk with its beak. The chipmunk backed off for a few 
seconds, then charged the jay, making it take flight. 
Individuals of l!_ merriami often exhibited a side-to-side, sinuous waving 
of the tail when approaching the feeding site. Once feeding was begun, they 
ceased this tense posture. They spent a lot of time feeding in the shade 
14 
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Figure 2. Frequency of different types of agonistic encounters 
(D = Displacement; SC = Short Chase; LC = Long Chase; F = 
Fight). 
Site A: San Jacinto Mountains - T. merriami 
Site B: San Jacinto Mountains - T. obs cur us 
Site C: San Bernardino MountainS: T. merriami and T. 
obs cur us 
Site D: San Bernardino Mountains - T. merriami 
Site E: San Bernardino Mountains - T. merriami, I:. 
obscurus, and T. speciosus 
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beside the fallen log at the site. 
Some chipmunks may have been inhibited from coming to the feeding 
station from behind the observer. Chipmunks vocalized their responses to the 
intruder by scolding with chip and chip-trill calls. 
Site B: 
Chipmunks at this site were a little more abundant than at the lower 
S;te A on Black Mountain, with an average of 1.6 present. The numbers and 
frequencies of aggressive interactions for I:. obscurus are shown in Figure 2. 
Short chases and displacements accounted for most of the aggression at this 
site also. Even though the rate of encounters is more than double that of T. 
merriami at Site A, when adjusted for the higher number of chipmunks present, 
the index of aggression is only slightly higher at 1.7. 
Nat all interactions were highly aggressive. Two chipmunks (T. obscurus), 
one adult and one juvenile, were observed nuzzling each other at the feeding 
site for about two minutes. The adult finally made a gentle displacement of 
the smaller one. In the limited observations, I:. obscurus (Site B) seemed to 
vocalize more often than did T. merriami (Site A). 
Site C: 
Chipmunks were observed several days before trapping and marking to 
collect basic information on their aggressiveness. Both T. obscurus and T. 
merriami were present. Descriptions of trapped and marked chipmunks are 
given in Table !. Twenty of those marked returned to the feeding station 
during later observations. Species identification is listed in Table 1 only for 
the ones recaptured and identified in the laboratory. Identification was aided 
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·Table 1. Descriptions of individual marked chipmunks at Site C. 
Total Tail Observed 
Length Length Weight at Feeding 
Number Seecies Sex (rrnn2 ~rmn2 (g2 Site 
i 0 225 99 yes 
2 0 232 104 yes 
3 ~ 3/4 tail missing yes 
4 0 224 95 yes 
5 merriami 0 224 105 51 yes 
6 merriami ~ 255 112 70 yes 
7 obscurus 0 223 96 60 yes 
8 obscurus 0 215 94 49 yes 
9 obscurus ~ 234 102 59 yes 
10 ~ 215 91 yes 
11 ~ 233 100 no 
12 ~ 220 95 no 
13 obscurus ~ 222 95 58 yes 
14 merriami 0 220 100 52 yes 
15 0 229 97 yes 
16 ~ 220 96 yes 
17 merriami 0 240 105 53 yes 
18 ~ 226 95 no 
20 0 221 105 yes 
21 0 1/2 tail missing no 
22 ~ 211 97 no 
23 ~ 218 90 no 
24 merriami ~ 231 107 56 yes 
25 ~ 238 110 no 
26 obscurus 0 226 101 63 no 
27 obscurus 0 228 97 60 yes .,. 
28 not trapped, but had unique mark at nape of neck yes 
29 not trapped, but had unique banding on tail yes 
19 
by the fact that T. obscurus had shorter tail lengths in relation to the whole 
body than did T. merriami. 
Frequencies of the four categories of encounters are given in Figure 2. 
There was abundant activity at this site, with a high average number of 
chipmunks present (2.0). The index of aggression was 3.3. The aggressive 
interactions are listed in Table 2. Ch.ipmunks are ranked according to 
dominance, with rank determined by the ratio of wins to losses of interactions. 
Despite having almost no tail and thus appearing smaller in size and less 
impressive, chipmunk number 3 was one of the most aggressive observed. 
Number 3 was seen in threat displays, circling around its opponent before and 
after fights, sometimes jumping again at its opponent. Number 2 had a higher 
ratio of wins to losses than did number 3, though it was not involved in as 
much aggressive activity. The third ranked individual was a T. merriami and 
the fourth a I:. obscurus, but there is a mixture of species all the way down 
the scale, indicating no correlation of dominance with species. 
A dominance hierarchy for these chipmunks is plotted in Figure 3, based 
on the ranking in T::ible 2. The result is not a perfect hierarchy (which would 
have all numbers on the lower side of the isocline), but shows some dominance 
reversals. These reversals were usually short-lived, with the truly dominant 
individual quickly retaliating and regaining its position. 
The longest encounters were two fights, in which chipmunk number 3 
was the aggressor, lasting about 30 seconds each. Interactions with 
golden-mantled ground squirrels were fairly common, with the squirrels being 
the aggressors. Natural predators were in evidence. A coyote passed within 50 
meters of the site. An American kestrel perched in the top of a nearby tree; 
another small hawk glided through the feeding area, and a large hawk made a 
20 
Table 2. Summary of agonistic encounters by individual chipmunks, T. 
obscurus and T. merriami, ranked according to aggressiveness, at 
Site C. (For plot of dominance hierarchy, see Figure 3, which also 
gives species of each animal.) 
Chipmunk Number of Number of Iden ti- Encounters Won Encounters Lost ficatio1 
Nm11ber D SC LC F Total D SC LC F Total 
2 9 5 1 2 17 1 5 0 0 6 
3 6 10 10 5 31 7 4 0 2 13 
17 2 5 0 0 7 3 0 0 0 3 
7 6 1 0 0 7 1 3 0 0 4 
10 1 1 2 0 4 1 2 0 0 3 
27 0 5 0 0 5 0 0 0 0 0 
6 1 0 0 1 2 1 0 0 0 1 
8 1 0 0 0 1 0 0 0 0 0 
24 1 0 0 0 1 0 0 0 0 0 
1 1 0 0 0 1 0 0 0 0 0 
5 1 2 0 0 3 2 0 1 0 3 
16 1 1 0 0 2 0 2 0 0 2 
28 0 1 1 Q, 2 0 1 0 1 2 
4 3 4 1 0 8 5 7 0 0 12 
20 2 2 0 0 4 1 5 0 0 6 
13 3 1 0 0 4 9 3 1 0 13 
15 1 0 0 0 1 1 2 2 0 5 
9 0 0 0 0 0 1 0 0 0 1 
29 0 0 0 0 0 1 0 0 0 1 
14 0 0 0 0 0 3 0 0 0 3 
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Figure 3. Dominance hierarchy for T. obscurus and T. merr iami at Site C, 
showing the numbers of interactions of each chipmunk with any 
other. Chipmunk species and identification number (based on 
Table 2) are given along top and left margins, ranked from 
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stoop nearby. Other hawks were also observed in the vicinity. However, no 
attacks on the chipmunks were observed. 
Site D: 
All chipmunks here were T. merriami. They were observed several days, 
then trapped and marked. DPscriptions are given in Table 3. About half of the 
34 trapped were males. Frequencies of encounters are given in Figure 2. The 
average number present was 2.2, and the index of aggression was 4.6, so this 
site had the most chipmunks and the highest level of aggression of all the 
"ites. A summary of interactions and dominance ranking of individuals is shown 
in Table 4. The most dominant individuals were not the largest ones in the 
marked group. Three of the four top ranking chipmunks were males. A 
dominance hierarchy plot (Figure 4) reveals even more scattering than that of 
Site C, but several times it was observed that dominance reversals were put 
down by the higher ranking chipmunk. 
A2gressive interactions with other animals were about as common at 
Site D as at Site C, but this time it was between chipmunks and S1"eller's jays, 
as observed the previous year at Site A. More than once it rained during 
observations. As long as the rain was light to moderate, chipmunks continued 
feeding and did not seek shelter. 
Site E: 
Three species, T. obscurus, T. merriami, and T. speciosus were in this 
area, as determined by previous trapping/collecting (Brand, pers. comm.). 
Chipmunks were marked prior to observation. DPscriptions are given in 
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Table 3. Descriptions of individual marked chipmunks, L. merriami, at 
Site D. 
Total Tail Observed 
Length Length at Feeding 
Number Sex (mm) (mm) Site 
1 0 234 106 yes 
2 c3 1/2 tail missing yes 
3 0 250 117 no 
4 ¥ 230 104 yes 
5 ¥ 220 104 no 
6 0 233 106 yes 
7 ¥ 258 112 no 
8 Q 235 109 yes 
9 0 227 110 no 
10 Q 231 108 no 
11 0 236 105 . no 
12 0 230 100 no 
13 Q 251 110 no 
14 Q 258 123 no 
15 Q 258 128 no 
16 Q 230 109 yes 
17 0 240 112 no 
18 0 236 106 no 
19 Q 240 105 no 
20 0 250 110 yes 
21 Q 261 ll5 yes 
22 Q 244 llO yes 
23 Q 240 llO no 
24 ~ 240 l16 no 
25 0 238 llO no 
26 ~ 230 108 no 
27 0 220 90 no 
28 0 235 ll 7 no 
29 0 246 l16 no 
30 ~ 245 l13 no 
31 0 265 125 yes 
32 Q 255 120 yes 
33 Q 251 l19 yes 
34 ¥ 250 llO no 
35 not trapped, but had unique bright markings yes 
36 not trapped, but had dull colors & bushy tail yes 
Table 4. Summary of agonistic encounters by individual chipmunks, 





















D SC LC F Total 
7 15 15 1 . 38 
7 4 0 1 12 
1 3 0 0 4 
0 1 0 0 1 
1 3 1 0 5 
1 0 1 0 2 
0 1 0 0 1 
0 0 0 0 0 
7 4 1 1 13 
2 4 0 0 6 
1 1 0 1 3 
0 0 0 1 1 
0 1 0 1 2 
0 0 0 .0 0 
Number of 
Encounters .Lost 
D SC LC F 
3 2 1 0 
2 1 0 0 
0 0 0 0 
0 0 0 0 
3 1 0 1 
0 1 1 0 
1 0 0 0 
0 0 0 0 
5 6 4 0 
2 4 3 2 
2 4 0 0 
1 2 2 0 
5 11 0 0 


















Figure 4. Dominance hierarchy for T. merriami at Site D. 
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AGGRESSOR 
1 2 21 20 16 8 31 32 35 33 22 6 4 36 unknown 
1 1 1 1 1 1 1 1 
2 1 1 
21 
20 1 
16 1 3 1 
8 2 
E-l 31 1 z 
IJ;:l 
H 32 p.. 
H 
u 35 5 5 1 2 2 IJ;:l 
p::: 
33 3 3 1 1 3 
22 3 1 1 1 
6 1 1 2 1 
4 4 2 1 3 1 5 
36 1 
un- 17 1 2 4 1 5 4 2 
known 
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Table 5. After having examined numerous trapped T. merriami and T. obscurus 
at Site C, and verifying the identification of several of them in the laboratory, 
it was felt that species identification could be made with an acceptable level 
of confidence, based on overall size and tail length and bushiness. These 
species assignments are included in Table 5 and are so designated. The other 
identifications were verified by examination of bacula or baubella. T. speciosus 
were readily identifiable by their very different coloration (brighter white 
stripes, etc.) and smaller size. 
The frequency of the different types of agonistic encounters at Site E 
are recorded in Figure 2. A total of 88 interactions were observed here in four 
days. The average number at this feeding site was h7. The index of aggression 
was 3.0 encounters per chipmunk per hour. This placed the aggressiveness at 
an intermediate level, between Sites A and B, and Sites C and D. A dominance 
hierarchy is shown in Figure 5. The first, third, and fourth most dominant 
individuals were all T. merriami; the second highest was a T. obscurus. Four of 
the six marked chipmunks observed in aggressive interactions were T. merriami; 
the other two were a T. obscurus and a T. speciosus. 
Site E is an area where all three species coexisted. It seemed, while 
trapping and observing chipmunks coming to and going from the feeding 
station, that each species lived in more or less separate areas within the study 
site. Individuals of T. merriami seemed mostly oriented toward the south and 
west, on a hillside; T. obscurus to the south and east, on a more level, rocky 
area; and T. speciosus toward the northern part of the area, on a gentle slope 
toward a dirt road. 
Individuals of T. speciosus were fairly common at the feeding station, 
and yet other species of chipmunks, golden-mantled ground squirrels, and 
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Table 5. Descriptions of individual marked chipmunks at Site E. 
Observed 
at Feeding 
Number Soecies Sex Weight Site 
1 ? 0 S9 no 
2 soeciosus Q 49 no 
3 obscurus "'k 0 60 yes 
4 obscurus -k 0 61 no 
s obscurus 7: 0 6S yes 
6 obscurus ..,~ Q 76 no 
7 merriami 0 76 yes ,.. 
8 merriami 0 7S yes 
9 merriami i: Q so no 
10 merriami e.J: 0 66 no 
11 soeciosus 0 so no 
12 SEeciosus 0 49 no 
13 merriami --!: 0 61 no 
14 obscurus -!: Q 67 yes 
15 merriami -I: 0 S9 yes 
16 obscurus -I: 0 65 no 
17 SEeciosus 0 60 yes 
19 soeciosus 0 50 no 
20 merriami 7: 0 58 yes 
* These are species assignments made at the time of trapping and 
marking. The other species identifications were subsequently 
verified by examination of bacula or baubella. 
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Figure 5. Dominance hierarchy for T. merriami (m), T. obscurus (o), and 
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Steller's jays which were present tended to leave I:.. speciosus alone. 
Individuals of T. speciosus tended to stay out of the center of the feeding 
area, and rarely contacted or came close to other species of chipmunks. Only 
three interspecific encounters were observed between T. speciosus and T. 
obscurus. 
Site F: 
Only portions of two days were spent observing at this site, as very few 
chipmunks came to the feeding station (average number = 0.5). No agonistic 
encounters were observed between the T. obscurus here, even though a lot of 
chipmunks were heard vocalizing in the area. 
Site G: 
The average number of chipmunks at Site G was low (0.6), as at Site F. 
Four short chases and three long chases were observed there for T. merriami, 
yielding an index of aggression of 4.0. Only a short time was spent observing 
at this site. 
A plot of index of aggression versus average number of chipmunks 
p-esent at each study site was made (Figure 6), showing a generally positive 
relationship between the two variables. 
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Figure 6 • Plot of index of aggression versus average number present 
for the. seven study sites, A through G. The species present 
at each site is indicated in parentheses (refer to Figure 5) 
below the letter designating the site. Sites A and B are in 
the San Jacinto Mountains; sites C, D, E, F, and G in the 
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DISCUSSION 
Chipmunks do not hold large exclusive territories, but use aggression as 
a more efficient means of securing food (Qrappell, 1978). Direct defense of 
food sources is probably a better strategy than possession of a territory, 
because of the sporadic and dispersed nature of the food sources utilized. A 
very large territory would be needed to ensure a food supply, which would be 
difficult and costly to defend. Further, this territorial defense would take 
away much time from foraging, and increase the chipmunk's exposure to 
predation (Chappell, 1978). Thus there may be a selective advantage to high 
levels of aggression. 
Aggressive exclusion works only if the subordinate species' efficiency of 
foraging and other life activities is significantly reduced by aggressive defeats 
(Chappell, 1978). Because there seems to be little direct fighting in chipmunk 
interactions, the cost of defeat should be measured not so much in terms of 
physical damage as in terms of decreased access to food. A high frequency of 
agonistic encounters is necessary if invading chipmunks are to be driven away 
from resources by dominant chipmunks (Chappell, 1978). In our current study, a 
lot of agonistic behavior was observed, so aggressive exclusion may well have 
been occurring. 
As the density of chipmunks at the feeding station increased, the number 
of agonistic interactions increased to an even greater degree. Not many 
encounters occurred when there were only two chipmunks present, but when 
there were four or more, there was a dramatic increase in aggressive behavior. 
This is reflected in the higher indices of aggression (Figure 6 ) at the sites 
where there was a higher number of chipmunks present (especially Sites C and 
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D). When several chipmunks began to feed at a feeding station, often a lot of 
aggression occurred at the outset, but then the individuals settled down and 
those which had interacted aggressively minutes before ate side by side. 
Martinsen (1968) observed a marked change in the ranging of chipmunks 
in Montana from week to week. This may explain why chipmunks there were 
seen perhaps on only one day of the observation period and then seemed to 
disappear. Another possible explanation is that predation may have removed 
some individuals. 
The results of my preliminary data on index of aggression suggest that 
T. merriami is more aggressive than T. obscurus. The indices of aggression at 
the three sites (A, D, and G) where T. merriami was the only species present 
were 1.5, 4.6, and 4.0. At the two sites which were inhabited exclusively by T. 
obscurus, the index was 1.7 at Site B, and no aggression was seen at Site F. 
At Site C, where both species were present together, the presence of T. 
obscurus seemed to dilute the total aggression, as the index here was only 3.3 
compared to 4.6 at Site D, despite similar densities. At Site E, where L. 
speciosus was also present, the index of aggression was still less at 3.0, though 
the density was less, too, which may have been the main cause of the decrease 
in aggression. We cannot conclude that T. merriami is dominant over T. 
obscurus, however, as the dominance hierarchies do not show this to be the 
case. In areas where both species interacted, there were high-ranked 
individuals of both species and low-ranked individuals of both species. 
The dominance hierarchies did not exhibit straight line dominance, as is 
the case with some other animals. This was true whether one, two, or all three 
species were present. Meredith (1977) also found that dominance in agonistic 
matches was not one-sided. In more than one of his matches the dominance 
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shifted from one individual to the other repeatedly. Wolfe's (1966) dominance 
hierarchies for eastern chipmunks did not show straight line dominance either. 
Brand (1970) found an unstable dominance hierarchy among three species of 
chipmunks at one of his locations, near an individual's nest. There, he too 
observed cases of the subordinate turning around and chasing the original 
aggressor. However, at other feeding locations, chipmunks did establish a 
stable, linear dominance order. Thus in western chipmunks, there usually is not 
a hierarchy in the classical sense in which each individual knows its rank and 
contests are few, but there is something that could be called a chasing order 
(Wolfe, 1966). 
Several times a chipmunk was observed to app.roach another one as if to 
chase it away, but would stop short and back away. Apparently the animal was 
too low in dominance rank to attempt the chase. 
It was common for a subordinate chipmunk to come into a feeding area 
first and feed for a long time by itself. But when a dominant chipmunk arrived, 
he would quickly chase the subordinate away and have the food to himself. 
Wolfe (1966) also noted that the first chipmunk at the food site was not 
necessarily dominant over subsequent arrivals. Quite often the more dominant 
chipmunk would displace a lower ranking one at will. This would seem to be an 
optimization of efficiency for eating by both the dominant and subordinate 
chipmunks, each using their own strategy. 
States (1976) found that dominance depends on size, though females were 
typically larger than males, so there was some correlation with sex as well. 
Wolfe (1966) reported that females were often, but not always, dominant over 
males. In this study, no such relationship existed at the three sites (C, D, and 
E) where dominance data were obtained. There was no correlation between 
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size and dominance, and quite often males were dominant individuals. 
Of 558 encounters observed, the most common modes of aggressive 
interaction were short chase and displacement. Fights were infrequent, perhaps 
because they are energetically costly, and there exists the possibility of injury, 
though not once did the observer witness one animal wounding another. Also, 
chipmunks may have sensed when they were out of their home range and were 
"trespassing," and fled before the attacker could initiate a fight, which 
resulted in a chase encounter (Aniskowicz and Vaillancourt, 1979). In long 
chases, both animals ran at top speed, dodging and changing direction quickly, 
using up much energy. Perhaps it was because of this that long chases were 
not very frequent. This explains why short chases .and displacements were the 
most common forms of agonism. It seemed that the most dominant individuals 
usually used the most energy-efficient means to maintain its foraging area. 
In an aggressive approach, the chipmunk moved deliberately, often with 
ears held erect and tail stiff with tail fur bristled. Usually an attack took 
place against a stationary conspecific, but several times an aggressive 
chipmunk closed in on a fleeing individual. This happened most often with the 
T. merriami at Site D. 
Blankenship (1985) found an association in the San Bernardino Mountains 
between T. obscurus and Pinyan Woodland vegetation, and T. merriami and 
Western Coniferous Forest vegetation. He also found some vegetation overlap 
in areas of sympatry. In the current study one site had a habitat obviously 
different from the others; this was Site F, where T. obscurus lived. Sharples 
(1983) found that the distributions of four species of Tamias in the Sierra 
Nevada Mountains were based on habitat preference rather than aggressive 
behavior, although he allowed that behavioral differences could cause an 
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additional habitat separation mechanism. But this does not explain the 
altitudinal habitat-reversal of chipmunks between the San Bernardino and San 
Jacinto Mountains. Perhaps a combination of the two factors is at work. 
Does the attraction of chipmunks to a feeding site concentrate the 
individuals into one area to obtain food from this one resource, resulting in 
more agonism than in their natural, undisturbed habitat? Brown (1971) found 
that the chipmunks he studied were sufficiently mobile and dispersed that it 
was hard to observe a significant number of interactions in completely natural 
circumstances. Admittedly, feeding stations result in partially artificial 
conditions (Fisler, 1977), but the data in this study were gathered from 
free-ranging wild animals which normally meet occasionally in nature. FP-w 
unmanipulated interactions between species are observable in the field because 
of the secretive behavior of the animals and the low probability of encounters 
in areas of overlap (Meredith, 1977). Artificial, baited feeding stations made it 
possible to observe large numbers of interspecific and intraspecific 
interactions. Brand (1970) and Brown (1971) observed similar concentrations of 
chipmunks at natural sources of food as well as at feeding stations. Chipmunks 
are opportunists, and often congregate to utilize a single good food source in 
nature. Chappell (1978) found _essentially no difference between results at 
open field and feeder encounters, thus answering the argument that feeding 
stations attract unnaturally high concentrations of chipmunks and result in 
aberrant behavior of individuals. 
The presence of the observer near the feeding area probably did not 
influence behavior except at the start of the study. Aniskowicz and 
Vaillancourt (1979) also remained in full view, and at first chipmunks were 
afraid, but they came to ignore all usual movements and noises. They were 
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aware of the observer, but not alarmed by him. 
During the breeding season, one would expect higher levels of aggression 
than at other times, but this study was done in the post-breeding period in 
summer. In late summer, when juveniles of the year have left the nest and are 
trying to establish themselves in adequate habitat, the relative dominance 
between species may be important in establishing which species will disperse 
into which area (Meredith, 1977). This would serve to maintain established 
species boundaries. 
Chappell (1978) found T. speciosus to be dominant over two other 
species in the field, in direct contradiction to Heller's (1971) laboratory 
findings that T. speciosus was subordinate. Byrne ·(1972) did both laboratory 
and field studies on T. speciosus with identical contradictory results. She 
proposed that the unnaturally confined laboratory environment inhibited the 
natural aggressiveness of T. speciosus. Similar behavioral phenomena in T. 
merriami and T. obscurus might explain the difference in the results of this 
study and Kelln and Brand's (unpublished) laboratory results. Instead of T. 
obscurus being high in aggression, in the field it was relatively low. Instead of 
T. merriami being non-aggressive intraspecifically, it was highly aggressive in 
the field, both to T. obscurus (as Kelln and Brand found) and to other T. 
merriami. 
SUMMARY 
Both intraspecific and interspecific agonistic behavior was observed in 
558 encounters, mostly between individuals of T. merriami and I.=. obscurus, 
with some observed in T. spedosus. Chipmunks used the energy-saving short 
chase and displacement modes of agonism most often, the long chase less 
frequently and the fight rarely. Quite often a dominant individual could keep a 
food source to itself by a simple displacement or brief short chase, with the 
subordinate yielding its position without a struggle. 
The frequency of agonistic encounters appears to increase as the number 
of chipmunks present increases, as is indicated by the following preliminary 
data. At Sites A and B, \l/here there were few chipmunks coming to the 
feeding station, the indices of aggression were low at 1.5 and 1.7 encounters 
per chipmunk per hour, respectively. Site E had an intermediate number of 
chipmunks and an intermediate index of aggression at 3.0. The highest index of 
aggression (4.6) was at Site D, where T. merriami was the sole chipmunk 
species inhabiting that area. Surprisingly, there was less aggressive activity at 
Site C (index = 3.3) than at Site 0- despite both species, T. merriami and T. 
obscurus, being present, and similar densities of chipmunks at both locations. 
Apparently T. obscurus was less aggressive overall than T. merriami and 
perhaps its presence served to reduce aggression in that area. 
No correlation between dominance and size, sex, or species was seen. 
Only a few T. speciosus were observed, but they seemed to be isolationistic in 
approach to the feeding area and were involved in little interaction. 
It was not unusual for the dominance structure to be less than a rigid, 
oerfect hierarchy. Others have witnessed the same phenomenon of dominance 
reversals in different species of chipmunks. 
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B~cause T. obscurus and T. merriami reverse the altitudes of their 
parapatry in the two mountain ranges, and because they were found in some 
:instances in overlapping habitats, habitat preference probably is not the only 
reason for the isolation of these two species. In other species of western 
chipmunks aggressive behavior has been found to produce parapatric 
distributions. The chipmunks in this study exhibited much aggression, both 
intraspecifically, which spreads out the population, and interspecifically, which 
may serve to uphold existing species segregations and prevent wandering 
iuveniles from invading another species' domain. Thus agonistic behavior may 
be at least a partial cause of the unusual distribution of T. merriami and T. 
obscurus in the San Bernardino and San Jacinto Mountains. 
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